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Introductional study of antifungal activities of bryophyte extracts
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Abstract

In order to evaluate the antifungal activities of bryophytes, 23 taxa (including 21
mosses and two leafy liverworts) were collected, washed, dry-powdered and then extracted in
different solvents including water, methanol, ethanol, acetone and petroleum ether. These
extracts were mixed with Czapek-Dox (CzA) medium at the ratio of 1:10, and seven different
pathogenic fungal species, namely, Alternaria alternata, Fusarium solani, F. oxysporum,
Macrophomina phaseolina, Rhizoctonia solani, Verticillium dahliae and Pythium sp. were
then grown on these mixtures. Controls were kept free of the plant extracts. Among the
collected and studied bryophytes, the broadest spectrum of antifungal activity were shown by
the ethanolic extracts of six moss species, namely, Philonotis marchica, Grimmia pulvinata,
Plagiomnium rugicum, Haplocladium sp., Bryum pallens and Drepanocladus aduncus
followed by two liverworts called Pellia epiphylla and Dumortiera hirsuta. It was also
concluded that, ethanol was the most efficient among other experimental solvents. The
statistical analysis using MSTATC showed significant variances between the effects of
above-mentioned bryophyte extracts on the mycelial growth of the pathogenic fungi under
investigation.

Key words: moss, hepatic, liverwort, antimicrobial, pathogenic, control
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Table 1- Mean comparison of four fungal colony* diameters in seven bryophyte species ethanolic extracts

b g S Cbgp 885 (acshes) 45 5 b oSSl
Bryophyte code Bryophyte species Mean of colony diameter (mm)
1 Bryum capillare 89.167 *
2 B. stenotrichum 87.292
3 B. caespiticium 85.500°
4 Pellia epiphylla 81.667 ¢
25 Drepanocladus uncinatus 86.222%
6 Philonotis marchica 81.917°¢
7 Leskea polycarpa 88.194

* Rhizoctonia solani, Fusarium solani, Macrophomina phaseolina and Alternaria alternata.
W Sl e Ao 53 0 el 3 DLES S b e S e O S gl JB Dt s 2 S b Sle

Means in each column followed by similar letter are not significantly different at 5% level.
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Table 2- Mean comparison of four fungal colony diameters treated with

ethanolic extracts of seven bryophyte species mentioned in Tab. 1

g s gl €5 (o) &8 5 b Sl
Fungal code Fungal species Mean of colony diameter (mm)
1 Rhizoctonia solani 81.413°
2 Fusarium solani 87.929 ¢
3 Macrophomina phaseolina 85.778 ¢
4 Alternaria alternata 87.714*°

.WJ\:L;‘»*AM)AOCh.d))QLjJ}LfﬁMQ&J%A&J?&LS‘)‘:JNJ}ASJL&L@Q

Means followed by similar letter are not significantly different at 5% level.
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Table 3- Mean comparison of four fungal colony>:< diameters in six different extract types

e e dd 5l edd gl Fel o las (o o) &5 5 Jab Kl

Extracts of different solvents Mean of colony diameter (mm)
(Raw water) ¢l o 89.679 °
(Boiled water) s ol 4 85.440 ™
(Ethanolic) _J 5Ul 79.667 ¢
(Methanolic) J sl 84.381°¢
(Acetonic) _j szl 86.774"
(Petrolium etheric) _z& 5! 88.310™

# Rhizoctonia solani, Fusarium solani, Macrophomina phaseolina and Alternaria alternata
e I3 pae Ao )3 0 C]a.sz LW sl o S e O > S slyls Jélbasdumf\i\:.n

Means followed by similar letter are not significantly different at 5% level.
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Table 4- Analysis of variance for the effect of seven bryophyte species extracts on mycelial growth of

four pathogenic fungi (name of species are mentioned in Tab. 1)

Source of variation Degree of freedom Mean of squares
Bryophyte species 6 20.005 **
Fungal species 3 1151.245 **
Bryophyte speciesxfungal species 18 124.264 ™
Extract type 5 1041.594 **
Bryophyte speciesxextract type 30 54.507 "™
Fungal speciesxextract type 15 157.666 *
Bryophyte speciesxfungal speciesxextract type 90 21.720™
Error 336 80.871

Coefficient of variation (C.V.) = 10.49%
** Significant at 1% level

* Significant at 5% level

n.s = not significant
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Table 5- Mean comparison of five fungal colony>:< diameters in nine bryophyte species ethanolic extracts

b p oS g p 65 (o) &8 5 b o Sls
Bryophyte code Bryophyte species Mean of colony diameter (mm)
15 Grimmia hartmanii 55.600 ¢
16 G. pulvinata 47.400'°
17 Syntrichia princeps 74.200 ¢
18 Orthotrichum rupestre 53.800 "
27 Bryum neodamense 71.000°¢
28 Drepanocladus aduncus 57.400"
29 Bryum weigelii 85.000°
30 Amblystegium tenax 76.600°¢
31 Philonotis fontana 86.800 *

* Rhizoctonia solani, Fusarium solani, F. oxysporum, Macrophomina phaseolina and Alternaria alternata.
A 3 o33 0 a3 SLE LS Al e S rie O G glls Bl oS b Sl

Means followed by similar letter are not significantly different at 5% level.
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Table 6- Mean comparison of five fungal colony diameters treated with

ethanolic extracts of nine bryophyte species mentioned in Tab. 5

G)BJS G)u 43; (}:“';L:‘) A:\fﬁ}# }Sa_/'l,»
Fungal code Fungal species Mean of colony diameter (mm)
1 Fusarium solani 69.444 ¢
2 F. oxysporum 70.889 °
3 Rhizoctonia solani 60.000¢
4 Macrophomina phaseolina 77.444 ¢
5 Alternaria alternata 59.889 ¢

s I3 pxe Lo 3 0 cb;: Ol sl o S rie O > S hyls JE!.L;-AS&LAJ:{JQ
Means followed by similar letter are not significantly different at 5% level.

G55 gy parkee L35 53 Cod s 5 & laeslas U sl bl s -V Jgdr
(ol s 03,51 # 50 Jshr 3 s 8 all) LS (6l sley 7,6
Table 7- Analysis of variance for the effect of nine bryophyte species extracts on mycelial

growth of five pathogenic fungi (name of species are mentioned in Tabs 5 and 6)

Source of variation Degree of freedom  Mean of squares
Bryophyte species 8 3101.250 **
Fungal species 4 1541.233 #*
Bryophyte speciesxfungal species 32 1368.958 **
Error 90 1.089

Coefficient of variation (C.V.) = 1.55%
** Significant at 1% level
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Table 8- Mean comparison of five fungal colony diameters for each

bryophyte species ethanolic extract X fungal species

b g S Chpp d S ] LR (”f:) df ’T ke
. . ean of colony
Bryophyte code Bryophyte species Fungal code Fungal species diameter (mm)
1 Fusarium solani 65.000'
2 F. oxysporum 63.000’
15 Grimmia hartmanii 3 Rhizoctonia solani 15.000"
4 Macrophomina phaseolina 90.000*
5 Alternaria alternata 45.000™
1 Fusarium solani 50.000"
2 F. oxysporum 60.000*
16 G. pulvinata 3 Rhizoctonia solani 91.000*
4 Macrophomina phaseolina 17.0001
5 Alternaria alternata 20.000°
1 Fusarium solani 82.000°
2 F. oxysporum 75.000°¢
17 Syntrichia princeps 3 Rhizoctonia solani 90.000*
4 Macrophomina phaseolina 90.000*
5 Alternaria alternata 34.000"
1 Fusarium solani 72.000"
. 2 F. oxysporum 63.000’
18 Orthotrltchum 3 Rhizoctonia solani 25.000°
rupestre 4 Macrophomina phaseolina 89.000°
5 Alternaria alternata 20.000°
1 Fusarium solani 68.000"
2 F. oxysporum 62.000’
27 Bryum neodamense 3 Rhizoctonia solani 68.000"
4 Macrophomina phaseolina 79.000
5 Alternaria alternata 78.000¢
1 Fusarium solani 65.000"
. 2 F. oxysporum 75.000°¢
28 Drepanocladus 3 Rhizoctonia solani 10.000°
aauncus 4 Macrophomina phaseolina 62.000’
5 Alternaria alternata 75.000°¢
1 Fusarium solani 75.000°¢
2 F. oxysporum 80.000°¢
29 Bryum weigelii 3 Rhizoctonia solani 90.000*
4 Macrophomina phaseolina 90.000*
5 Alternaria alternata 90.000*
1 Fusarium solani 73.000"
2 F. oxysporum 70.000°¢
30 Amblystegium tenax 3 Rhizoctonia solani 62.000’
4 Macrophomina phaseolina 90.000*
5 Alternaria alternata 88.000°
1 Fusarium solani 75.000°¢
2 F. oxysporum 90.000*
31 Philonotis fontana 3 Rhizoctonia solani 90.000*
4 Macrophomina phaseolina 90.000"
5 Alternaria alternata 89.000°
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Means followed by similar letter are not significantly different at 5% level.
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Table 9- Mean comparison of four fungal colony™ diameters

for each bryophyte species extract X extract volume

g &S g p 855 ) olas g (rashen) 45 5 b il
Bryophyte code Bryophyte species Extract volume (ml) Mean of colony diameter (mm)
d
19 Warnstorfia exannulata 2 73.250 .
4 59.500¢
. . 2 76.000°
20 Didymodon spadiceus 4 66.750"
21 Gymnostomum aeruginosum 2 84.500°
ymnostomum aeruginosu 4 58.000}_‘
. . 2 52.250"
22 Dumortiera hirsuta 4 432501
2 70.750°¢
23 Cratoneuron commutatum 4 59750
. . . 2 70.250°¢
24 Plagiomnium rugicum 4 59.500¢
. 2 78.250°
25 Drepanocladus uncinatus 4 77.500¢
- 2 75.750°¢
26 Cratoneuron filicinum 4 67.500"

# Fusarium solani, F. oxysporum, M. phaseolina and Pythium sp.
s I ime Lo 3 O prlans 3 OLES S Al o S ke G G (sl il oS s Sle

Means followed by similar letter are not significantly different at 5% level.

SN SG s lize 1 gl [ sSde 8 5 S e 4S5 a3 gla SOl i
55 50 B laas S Jeanll S 4 5l 0L 250 a8 X i s slaeslas
YW edgpaiS oY B S8 ls (guls pme Sl p s A, S Sl by 5
V8 SV0 s glaas S 00 2B S s 5 (re e YHO ) pplis S o RS
O pdor) el [y Cason 870 00) plis 03 o 2
Al WY st 53 mste B 458 Jlex a8 k8 gla:Sle amlie OLL
e 3 25 slmas S Jaall oo oS sls 0L o las i x ol (sloai S bliss
¥ olae s 53T L5 4SS il sl e Sl ke 235 5 5l aslas
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Table 10- Analysis of variance for the effect of eight bryophyte species ethanolic extracts on

mycelial growth of four pathogenic fungi (name of species are mentioned in Tab. 9)

Source of variation Degree of freedom Mean of squares

Bryophyte species 7 1737.261 **
Extract volume 1 6662.297 **
Bryophyte species x extract volume 7 244.440 **
Fungal species 3 5931.922 **
Bryophyte species x fungal species 21 509.065 **
Fungal species x extract volume 3 379.172 **
Bryophyte species x fungal species x extract volume 21 200.172 **
Error 128 1.875

Coefficient of variation (C.V.) = 2.05%
** Significant at 1% level

Lagzols diy 5l as sl dm s U5 0lalS ool o8 cpl 5 e (256 45 3G

2> Ladl iy Js a8 S el Olexr (slas 58 am 53 098 B sl Jos w0 (6,5l
Madsen & Pates, 1952;) Sl 03 5 S5 (6l ke LgLaGJLTa S oblS ol ﬁl} 3,0
(Mc Cleary & Walkington, 1966; Gunnison & Alexander, 1975; Glime & Saxena, 1991
6u6,u oo lacdy p i o)y Sl olidss 0SS cl Jb 55
Sl 5 55 (Pryce, 1972, Banerjee & Sen, 1979) Cul a5 S &y 50 aLS (615 5law
Alternaria, Aspergillus, : L5 aLS gl Lo slazold Ol ()l BEWRV IR W? ool
o= | <=l_>;_1l gz Uromyces s Botrytis, Curvularia, Helminthosporium, Septoria, Pyricularia

W38 15 Ly 3 Okl a5 3550 O ol oS Al 4 S B 53 Dlallla
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Table 11- Mean comparison of four fungal colony diameters for each

bryophyte species ethanolic extract X fungal species

b IS Cod g 65 g s gob s 5 A o
Bryophyte code Bryophyte species Fungal code Fungal species 1(\1/{ean of colony
iameter (mm)

1 Fusarium solani 78.000°"

19 Warnstorfia exannulata 2 F. oxysporum 61.500"

3 Macrophomina phaseolina 56.000™

4 Pythium sp. 70.000°

1 Fusarium solani 87.000°

20 Didymodon spadiceus 2 F. oxysporum 73.500¢

3 Macrophomina phaseolina 55.000™

4 Pythium sp. 70.000'

1 Fusarium solani 79.000 %

21 Gymnostomum aeruginosum 2 F. oxysporum 67500%

3 Macrophomina phaseolina 67.000’

4 Pythium sp. 71.500"

1 Fusarium solani 74.000¢

» Dumortiera hirsuta 2 F. oxysporum 53.500"

3 Macrophomina phaseolina 24.500¢

4 Pythium sp. 39.000°

1 Fusarium solani 86.500°

3 Cratoneuron commutatum 2 F. oxysporum 64.000"

3 Macrophomina phaseolina 55.000™

4 Pythium sp. 55.500™

1 Fusarium solani 82.500°¢

24 Plagiomnium rugicum 2 F. oxysporum 53000:

3 Macrophomina phaseolina 77.000

4 Pythium sp. 47.000°

1 Fusarium solani 90.000*

25 Drepanocladus uncinatus 2 F. oxysporum 64‘0002

3 Macrophomina phaseolina 80.000

4 Pythium sp. 67.5001

1 Fusarium solani 90.000*

2 F. oxysporum 60.000"

26 Cratoneuron filicinum 3 Macrophomina phaseolina 72.000"

4 Pythium sp. 64.000*

Means followed by similar letter are not significantly different at 5% level.
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Table 12- Mean comparison of four fungal colony diameters

for fungal species X extract volume

gl N BLET (k) oslas oo Crogoe) &8 5 b e SSle
Fungal code Fungal species Extract volume (ml) Mean of colony

diameter (mm)

1 Fusarium solani 2 87.500°
2 F. oxysporum 2 67.250¢
3 Macrophomina phaseolina 2 70.875°¢
4 Pythium sp. 2 64.875°
1 Fusarium solani 4 79.250°
2 F. oxysporum 4 57.125°
3 Macrop\homina phaseolina 4 50.750"
4 Pythium sp. 4 56.250¢

e I fme Ao O rlae 3 DL S il oo S e O SO glls Bl 45 o la b STl

Means followed by similar letter are not significantly different at 5% level.

Lol T i Sl obes 03 458 o ol e dle bl () 2 50

O =t 53 Jslde 5 JaL:f Slolas 6u€)u 3l 5J_<:: slaas (A alternata)
S 4 ol oS S S 1 > Rhizoctonia s Pythium, Macrophomina, Fusarium :3:5\s
5 45 ails jLghl s dlis > Banerjee & Sen (1979) AL J»U LB 5 I okal
Dumortiera hirsuta s Pellia epiphylla : sl 4+ (leafy liverworths) ,lu8 » ily S 45,8
3 et 555 ee 4558 534S 01 Il a3l 1 oo sLaz B (55 650 e
Sy ol o 1 Ll 15 OB U, Ja 5 sdmes s 5 Ol LMTC_Q
Sl slaeslas Co g a oS cl J= s ol Ll o5 AU (D. hirsuta g P. epiphylla)
2o e o 3L Sl S0 p i Gl e 53 5l 40) s 408
£33 sujf s R. solani 4_'§J.; by s, A alternata, F. solani, M. phaseolina, R. solani

10 sl OLes Pythium sp. s F. solani G)L_S 33 8 Sy (d Ao Sl 5 95 slie L)
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clails Ko 5l 4,8 55 53 Wolters (1964) 3L o il 53 53 (6 iy 156 Olsoe cosliase
RO N A 51 5, 3» Diplophyllum albicans s Pellia epiphylla : sl 4 15 5108
Slasslas o 5ledhe 4 3 g sear )l @ L sl 055 5550 55 sdal o &
YA 5 YV Glaas sai oslae (1) B YV SladS) S 655 gy Sl ek 2l sl J 501
b U i oS o s Lo (hilasl 5550 slag B ples sy ol 4o b sl
4S5 ehilan 10 sy LA R solani (g 5,5 (Drepanocladus aduncus) YA o led & ged o ,las
LS S aS slalds p bu g A dliernata A5 5 ot ! S 5 s s S ol
A3 S edalie (6 Sadar A3, halS
e gl by e laoslas a5 eolital 55 53 ol i€
ozl 50355 J50 B A ole Olgie s b il 5 S o5y ol e
s ol S b 5o Sosslge b disn 5 oS5 g a0 Slors 3150 45 35,5 00
o3V (ol b il a3 Lam )5 (655 a3l 5 i8S Lo s LASH 5 358 S
lroslas 0L did s pe ealinal (IS Sss dile oo s, 5 SIS plasil (sl o
Lo las s cnl 53 0l plonil 1l Gl ilosl 55 553 ag LS opl 5l il
B rL;'-) ;_j ASle Ules 3ol 4o 55 Banerjee & Sen (1979) 4>_J b pladd 5l calss
oslil (silsgr 5 ol p i IS o L 5 i 510 gel (J 501 e plie (otilis
oobas Shlesl cpl 53 el s 4 JS01 slasjlae Sl 4 o e fooe 53 Ll s S
Glaoslas Suli g L «S OF Jl= ool Slis 355 511y oollas 5,6 s ol = o

sy Yl Sl S0 ol s e SISET Sls5l LT (Gl 4w Ste )
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Pl dn ool S w50 o Sl (Lewis & Dawin, 1994) sl s 9 Lo 5 2S5 SU
23 gmeo sl Pl ) S o LAl 2B A sle ol Sl g el
OF il Bl (sl Sole O iy o5t s ol 350 o G e 55 ol
g 2 53 o 50 slge Ll ood 5 Jlin g (a8 o 4 I8l esbae 55,00 sl
=l aS g e w ol ply s S Ol 5 J ke 05 5 LS w5 Gl T
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oo Sk slaeslsss 4 Lol Aol 15 o3 g o5l aailaSsy Ll & 015 e el n
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Sy 5 e Se5 e s il e i (sl lie LS 35S
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